The disaster at the Fukushima Daiichi Nuclear Power Plant after the Great East Japan Earthquake on March 11, 2011, might have affected the mental health status of children. To assess the mental health status, we measured the Strengths and Difficulties Questionnaire (SDQ) in 15 274 children (aged 4-15 years). The proportions of those who scored above the cutoff (≥16) of SDQ, reflecting the clinical range of the mental health status, were 25.0% (aged 4-6 years), 22.0% (aged 7-12 years, and 16.3% (aged 13-15 years), which were higher than that in the usual state (9.5%). We also explored the possibility that the distribution on the Fukushima prefectural map of the proportions of those who scored above the cutoff (≥16) of SDQ might correspond with the environmental radiation levels, but there was no significant correlation.
Introduction
The Great East Japan Earthquake that occurred on March 11, 2011 , and the subsequent tsunami caused an accident at the Fukushima Daiichi Nuclear Power Plant, leading people to evacuate from their hometowns. Concerning nuclear accident, a major problem that has been pointed out as a long-term health effect in Chernobyl is the psychiatric problem. 1 The residents of Fukushima Prefecture were not only severely distressed by the earthquake and tsunami, but the sustained leakage of radioactive material due to a succession of accidents at the Fukushima Daiichi nuclear power plant remains a significant source of fear and anxiety, especially among young mothers with children. Therefore, in order to provide adequate care and gain a sense of the degree of prefectural residents' mental health and lifestyles, we at Fukushima Medical University implemented a "Mental Health and Lifestyle Survey." 2, 3 Until now, no large-scale and systematic study regarding the mental health status of the survivors of the Fukushima Daiichi nuclear power plant accident has been reported, although a few studies on the changes of condition among psychiatric patients following the radioactive contamination accident have been conducted. 2, 3 Experts have acknowledged that the effect of the Chernobyl accident on mental health is a major public health issue. 4, 5 However, the reports on the mental health of children in Chernobyl after the nuclear accident were inconsistent. In addition, there is no report on children in Chernobyl after the disaster that used rating scales such as the Strengths and Difficulties Questionnaire (SDQ). 6 Thus, in this study, we performed a large-scale survey using "the Fukushima Health Management Survey on 2011" in order to clarify the mental health status and need for help in children in the evacuation zones.
Methods

Study Design
This study analyzed the data collected from the Fukushima Health Management Survey conducted in the fiscal year 2011. 2 The survey's primary purposes were to monitor the long-term health and daily lives of residents of Fukushima and to provide them with appropriate care. The protocol of this survey is published in detail elsewhere. In this study, we analyzed cross-sectional data from the Mental Health and Lifestyle Survey of the Fukushima Health Management Survey conducted in the fiscal year 2011. Efforts to increase its response rate were conducted. Via mass media (television, radio), the prefectural government called for responses. But investigators did not contact each nonresponder (by telephone or other methods) to request a response to the survey. The handling of late responders to the mail survey was not conducted. The deadline for response was March 31, 2012.
Participants
The target cohort in this study consisted of people in the evacuation zones designated by Fukushima prefecture (n = 210 189; the whole population in the region) who were aged 15 years or younger as of March 11, 2011 ; that is, the target participants of this analysis were 29 585 (aged 15 years or younger). In the evacuation zones, all the people including younger ones were forced to displace out of the zones for 1 year or more. Therefore, the evacuation zones resulted in the no man's land throughout this study. Tables 1 to 3 show the baseline characteristics of the participants. Informed consent was obtained from all caregivers of the participants.
Measures
We began mailing self-administered questionnaires to the target cohort on January 18, 2012, and asked the target participants or their proxies to return the questionnaires by post. We measured nonspecific mental health as the primary outcome through the SDQ. 6 Each question was rated on a 3-point scale ranging from 0 (none of the time) to 2 (all of the time), with higher scores signifying high need for help (range = 0-40). The Japanese version of the SDQ has been validated. 6 Demographic information included gender (male/female), age (3-6, 7-12, or 13-15 years), and evacuation zones including Hirono town, Naraha town, Tomioka town, Kawauchi village, Okuma town, Futaba town, Namie town, Katsurao village, Iitate village, Minamisoma city, Tamura city, Kawamata town, and a part of Date city. We analyzed only the questionnaires answered by the target participants themselves.
In accordance with the SDQ validation study in Japan by Matsuishi et al, 6 we dichotomized respondents using the cutoff score of 15/16 on the SDQ into those with mental distress (score ≥16) and others (score ≤15), and described the median value, 25th percentile value, 75th percentile value, and the ratios of participants scoring ≥16 and those scoring ≤15 on the SDQ by evacuation zone and age.
This survey was approved by the Ethics Review Committee of Fukushima Medical University (No. 1316). The methods were carried out in accordance with the approved guidelines.
Results
SDQ score was available for 15 274 individuals. The number of boys who scored 16 and above on the SDQ was 1831 (23.6%), and the number of girls who scored 16 and above was 1371 (19.6%), χ 2 = 31.544, P < .001. Sex differences were found for children aged 4 to 6 years and 7 to 12 years, but not in those aged 13 to 15 years.
The mean SDQ score by age was 11.7 (for those aged 4-6 years), 11.0 (for those aged 7-12 years), and 9.7 (for those aged 13-15 years). The number of participants who scored 16 and above on the SDQ by age was 1103 (25.0; ages 4-6), 1649 (22.0%; ages 7-12), and 550 (16.3; ages 13-15), χ 2 = 98.730, P < .001. We also explored the possibility that the distribution on the Fukushima prefectural map of the ratio of those who scored 16 and above on the SDQ might correspond with one of the environmental radiation levels, but there was no significant correlation. The proportion of those who scored 16 and above on the SDQ total difficulties score by evacuation zone is shown in Tables 1 (ages 4-6 years), 2 (ages 7-12 years), and 3 (ages 13-15 years). The distribution of SDQ score is presented in Figures 1 . Moreover, we present the distribution on the Fukushima prefectural map of the proportion of those who scored 16 and above on the SDQ compared to one of the environmental radiation levels (based on the local newspaper, Fukushima Minpo, dated January 20, 2012; Figure 2 ).
Discussion
In this study, we described the detailed mental needs for help in children in evacuation zone due to the Fukushima Daiichi nuclear power plant accident. This is the first large-scale and systematic study that elucidated the characteristics of the needs for help of these children. 2, 3 Besides there were no reports that described or investigated by age in children, in the early stage after the nuclear disaster.
Our results showed that 21.6% of the participants scored above the cutoff point of 16 on the SDQ. This value is markedly higher than that reported by Matsushita et al, who found that the national percentage of children aged 4 to 12 years who scored above 16 on the SDQ was 9.5%. 6 This suggests the severity of the need for help in children in the evacuation zones in Fukushima. In addition, the ratio of those who scored above the cutoff on the SDQ decreased with age. 7 The Fukushima disaster was unique in that it consisted of an earthquake, tsunami, and a nuclear power plant accident, which has never been experienced by human beings. Due to the great number of factors involved, it is very difficult to analyze the mental health status of the residents in the evacuation zones. There had been only 2 previous nuclear power plant accidents, the Three Mile Island (TMI) accident in the United States and the Chernobyl nuclear power plant disaster in the former Soviet Union (not including the atomic bombings of Hiroshima and Nagasaki). A number of studies of the mental health of residents after the TMI and the Chernobyl accidents have been reported. 1 It is widely acknowledged that the effect of the Chernobyl accident on mental health was the largest public health issue. However, there are inconsistent reports on the mental health status of children in Chernobyl after the nuclear disaster. Although the SDQ was frequently used to assess mental health after such disasters, no study has used the SDQ on children after Chernobyl or TMI. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] Therefore, this is the first report on the mental health and need for help in children using the SDQ shortly after a nuclear accident. Moreover, we found that the distribution on the Fukushima prefectural map of the ratio of those who scored above the cutoff on the SDQ showed a pattern similar to one of the environmental radiation levels. Thus, the anxiety of residents in evacuation zones could be associated with the radiation levels in their evacuation zones as reported by the media such as TV, newspapers, and the Internet. There are several strengths and limitations in this study. First, this study is the first to conduct a large-scale and systematic survey on children who experienced the combined effects of an earthquake, tsunami, and a nuclear accident. 2, 3 Second, this study collected data relatively early, within 1 year after the disaster occurred. 2, 3 Third, developmental disorders, which should be investigated longitudinally, could affect SDQ score. Fourth, adolescents aged 13 to 15 might have been suppressing their conflict, which is common at that age. Last, the representativeness of these results is also limited because the valid response rate in this study was around only 70%.
In conclusion, we found that a large-scale earthquake and tsunami followed by a nuclear power plant accident led to high needs for help among children in the evacuation zones in Fukushima prefecture. Long-term survey for those children are required. For the purpose of clarifying the effect of radiation other than the earthquake and tsunami, further investigation would be required.
